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Method for Detecting the Orthogonal Code CDMA Signal 

Field of the invention 

[01] The present invention relates to the field of mobile communication technology, 
5 particularly a received signal detection method applicable to an orthogonal code Code 
Division Multiple Access (CDMA) mobile communication system. 

Background of the invention 

[02] In a CDMA mobile communication system, there are severe Multiple Access 
10 Interference (MAI) and Inter-Symbol Interference (ISI). The traditional received signal 
detection for single user employs a matched filtering method, wherein the matching filter 
performs correlated matching operation on the user's spread spectrum sequence waveform 
after channel response, to implement separation and detection of desired signal and 
interfering signal. In case of severe MAI and Multi-Path Interference (MPI), the performance 
15 of the traditional single-user matched filtering method can not meet the requirement. In a 
time-slot CDMA system, a joint detection technique can be used, i.e., information on the 
sent signals and the channel responses thereof for all users are utilized and the signal 
detection is treated as a unified and correlated joint detection process. When the received 
signal is detected with the joint detection method. Multiple Access Interference and 
20 Inter-Symbol Interference can be suppressed, and the performance of the Code Division 
Multiple Access system can be improved significantly (see A. Klein, G. K. Kaleh and P. W. 
Baier, "Zero forcing and minimum mean square error equalization for multiuser detection in 
code division multiple access channels," IEEE Trans. Veh. Technol., vol. 45, pp.276-287. 
May 1996). 

25 [03] However, two challenges will arise when using joint detection to improve system 
performance: 

[04] 1) when carrying out the joint detection, the receiver has to know the complete 
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information on the channelization codes and the channel responses thereof for all user 
code channels. In certain cases, especially when a user terminal receives downlink 
signal, it is often impossible to use the joint detection method, as it is difficult to obtain the 
information completely; 

5 [05] 2) the computation with the joint detection method is much more complicated 
than that with the single-user matched filtering method, which results in more difficult 
implementation and adverse effect to such indications as cost, power consumption, and 
reliability, etc. 

[06] It is a major technical requirement in application and development of Code 

10 Division Multiple Access mobile communication systems to provide respective signal 
detection solutions under different conditions (good or poor channel environment, 
whether or not complete information is available, etc.) and requirements (performance, 
complexity of implementation, etc.). 
[07] On the other hand, in 3GPP TDD standard, three different midamble allocation 

15 schemes exist: common, default, and specific modes. Wherein, common and default 
modes support joint detection technique, because they meet the first condition described 
above; however, specific mode is more suitable for certain situations with high-data-rate 
users. Because in specific mode, each user terminal only knows the user's own spread 
spectrum code and the corresponding channel response thereof, but does not know the 

20 corresponding relation between the midamble code and spread spectrum code of any 
other user, in such a case it is difficult to utilize information of other channels to perform 
joint detection, resulting in degraded performance of terminal detection. 

[08] In addition, in some applications, a simplified receiving detection algorithm is 
expected. For example, in an application where the terminals receive high-speed 

25 downlink data (e.g., High-Speed Downlink Packet Access. HSDPA). it is difficult to 
implement a more complicated receiving detection algorithm by the terminals; another 
example is: in some cases with relatively good channel environment, it is unnecessary to 

2 



OP0501 39.original.US 



perform joint detection, and therefore a complicated algorithm is unnecessary. 

[09] In view of above demands, we must take full advantage of the features of Code 
Division Multiple Access mobile communication systems to develop a new signal 
detection method. 

5 [10] In a 3GPP TDD system, two kinds of important information can be utilized: one is 
the orthogonality of spread spectrum codes; the other is that the channel estimation 

results of all users can be obtained from the midamble code. 

[11] Regarding the orthogonality of spread spectrum codes: in an orthogonal code 
Code Division Multiple Access system, spread spectrum codes are the product of 
10 mutually orthogonal channelization codes and the scrambling codes for the cell; there is 
orthogonality between the different code channels in the same cell. For example, in 
3GPP TDD standard, complex spread spectrum codes c^*™^ are binaries modulated 
with ( j' represents rotation factor according to the serial number of code chip), and 
the spread spectrum codes c^*™^ of downlink can be obtained with the following formula: 

[12] where, c{*^ is the channalization code of (Walsh Code with spread 
spectrum factor = 16 and serial number =k ), w}*^ is the corresponding complex factor, 
V is the complex scrambling code vector dependent on the cell. 
[13] There is orthogonality between spread spectrum codes, i.e.. they follow the 
20 following formula: 



[14] where, *T represents conjugate transposition (identical to symbol H); when the 
spread spectrum factor is 16, the inner product of two spread spectrum codes with the 
same serial number is 16, and the inner product of two spread spectrum codes with 
25 different serial numbers is 0. 

[15] Regarding multi-user channel estimation: in a 3GPP TDD system, the channel 




3 



OP0501 39.original.US 



response results h^"^^ of all users in the serving cell can be obtained with the midamble 
code, which is expressed as follows: 

[16] where. k = \, ' ,K , representing different channel estimation windows; W 
5 represents the length of channel estimation window, T represents transposition. 

[17] In three different midamble allocation schemes as specified in 3GPP TDD 
standard, although a definite corresponding relation between the midamble code and 
spread spectrum code may not be obtained, it is ensured that definite channel response 
estimation results corresponding to different users can be obtained. The channel 
10 response estimation result can reflect complete channel response of one or more code 
channels corresponding to the channel estimation window as well as the time waveform 
and power characteristic of multi-path response. 

Summary of the invention 

15 [18] An object of the present invention is to provide a method for detecting orthogonal 
code CDMA signal, which takes full advantage of the characteristic of orthogonal code to 
detect orthogonal code CDMA signal, so as to implement matched filtering method or 
joint detection method in a simple and Improved manner, and can improve performance 
of mobile communication systems at a lower price. 

20 [19] The object of the present invention can be achieved with the following technical 
solution: a method for detecting orthogonal code CDMA signal, applied to a receiving 
device in a time-slot orthogonal CDMA system using orthogonal code, comprising the 
step of: 

[20] A. performing channel estimation on received signal with the midamble code, so 
25 as to obtain the channel response estimation results of all users in the serving cell, 
wherein it further comprises the following steps: 
[21] B. selecting interference code channels involved in the estimation and 
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estimating the total power of interference to multi-path signals by utilizing the channel 
response estimation results of all users in the serving cell; 

[22] C. performing matched filtering on the received signal with respect to each 
multi-path signal of each code channel by utilizing the spread spectrum code and the 
5 channel response estimation result thereof for the user to be detected, and performing 
maximum-ratio combining on the matched filtering results of the multi-path signals by 
utilizing the total power of interference to the multi-path signals, to obtain the optimized 
matched filtering result and obtain the orthogonal code CDMA signal detection result 
from the optimized matched filtering result. 

10 [23] Alternatively, the object of the present invention can also be achieved with the 
following technical solution: a method for detecting orthogonal code CDMA signal 
applied to a receiving device in a time-slot orthogonal CDMA system using orthogonal 
code , wherein it comprises the following steps: 
[24] A1. performing channel estimation on received signal with the midamble code, 

15 so as to obtain the channel response results of all users in the serving cell; 

[25] B1 . estimating the total power of interference to the multi-path signals by utilizing 
the channel response results of all users in the serving cell with all code channels in the 
serving cell being selected as interference code channels involved in the estimation if it 
is selected not to perform joint detection, or with code channels in the serving cell not 

20 involved in the joint detection being selected as interference code channels in the 
estimation if it is selected to perform joint detection; 

[26] C1. performing matched filtering on the received signal with respect to each 
multi-path signal of each code channel by utilizing the spread spectrum code and the 
channel response estimation result thereof for the user to be detected, and performing 

25 maximum-ratio combining on the matched filtering results of the multi-path signals by 
utilizing the total power of interference to the multi-path signals, to obtain the optimized 
matched filtering result; 
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[27] D1 . if it is selected not to perform joint detection in step B1 . terminating this step 
and outputting the optimized matched filtering result as the orthogonal code CDMA 
signal detection result; if it is selected to perform joint detection in step B1, proceeding 
with step E1; 

5 [28] El. performing joint detection on the optimized matched filtering result obtained 
in step C1 and obtaining the joint detection result as the orthogonal code CDMA signal 
detection result. 

[29] The present invention provides a method for detecting orthogonal code CDMA 
signal implemented mainly through the following three steps: esfimating the total power 

10 of interference to the multi-path signals; performing matched filtering on the multi-path 
signals and performing maximum ratio combining on the multi-path signals by utilizing 
the total power of interference to the multi-path signals, to obtain the optimized matched 
filtering output; and performing joint detection on the optimized matched filtering output. 
[30] There are two schemes for implemenfing: if the optimized matched filtering 

15 detection scheme is used, only the first two main steps are executed; if joint detecfion 
scheme is used, all of the three steps are executed. 

[31] The method according to the present invention utilizes the channel esfimation 
results and the characteristic of orthogonal code to esfimate the interference to each 
path of the signal and perform maximum ratio combining by utilizing the estimated 

20 interference. The method according to the present invenfion takes full advantage of the 
characteristic of orthogonal code as well as the result of mulfi-user channel esfimafion to 
implement matched filtering method or joint detection method in a simple and improved 
approach, and can improve performance of mobile communicafion systems at a lower 
price. 

25 [32] In the following two cases, the present invention is of great significance. 

[33] 1) In certain cases where the receiver can not obtain the complete informafion 
on the channelization codes of the interference code channels currently accessed to as 



OP0501 39.original.US 



well as the corresponding channel response thereof, by use of the method according to 
the present invention to take full advantage of the information available to the receiver 
i.e., the characteristic of orthogonal code and the result of multi-user channel estimation, 
the existing matched filtering and joint detection algorithms are improved and the 
5 improvement of system performance is achieved. 

[34] In some cases where only the matched filtering method is applicable and the 
joint detection method can not be used due to limitation of complexity in implementation 
of the receiver, the optimized matched filtering method provided in the present invention 
can improve system performance significantly with complexity similar to that of the 
10 traditional matched filtering method. The present invention provides a solution to 
improve receiver performance at low complexity. 

[35] The method according to the present invention is applicable to a time-slot CDMA 
system using orthogonal code, in particular to application of terminal receivers. Of 
course, it is also applicable to base station receivers. 

15 

Brief description of the drawings 

[36] Fig.1 is a flow diagram for implementing the method according to an 
embodiment of the present invention. 

20 Detailed description of the embodiments 

[37] Hereunder the present invention is described in detail with reference to the 
attached drawings. 

[38] The method according to an embodiment of the present invention is a method 
for detecting orthogonal code CDMA signal proposed for utilizing the orthogonal 
25 characteristic of spread spectrum codes as well as channel responses of multiple users 
in view of a time-slot CDMA system using orthogonal code, which and can provide 
respective signal detection solutions under different conditions and requirements. 
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[39] The steps for carrying out the method according to the embodiment of the 

present invention are described in detail with reference to Fig.1. 

[40] Step 11: performing channel estimation on received signal by utilizing the 
midamble code, to obtain channel estimation results hj^^ (channel estimation is a step 
5 that must be performed in any mobile communication system; the method according to 
the embodiment of the present invention is performed on the basis of the channel 
estimation results). 

[41] Step 12: estimating the total power cr,^,^/, of interference to the multi-path 
signals by utilizing the channel estimation results. 

10 [42] The total power of interference code channels at each time delay position can be 
estimated with the channel estimation results. One of the characteristic of orthogonal 
code is: the power of mutual interference between different orthogonal code channels at 
the same time delay position is zero. On the basis of this characteristic, the total power of 
interference from interference code channels to a certain signal code channel at each 

15 time delay position should be the sum of the power of interference code channel at all 

time delay positions, subtracted by the power of interference code channel at the same 

time delay position as that time delay position (formula 2 below). The total power of 

interference to a signal code channel at each time delay position is the power of 

interference from interference code channels in the serving cell plus power of adjacent 

20 cells and thermal noise (formula 3 below). 

[43] First, the total power Pij (symbol I characterizes interference only) from 

interference code channels at each time delay position is estimated with the channel 

estimation results hj^^ : 

Pu= Z IK If Formula (1) 

inteferenceCodeChannet ( A ) 

25 [44] where, / = , W represents channel estimation window length. k = \,'-,K, 

representing different channel estimation windows. It should be noted that, if it is selected to 
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perform joint detection, the "interference code channel k" in the formula can be taken as the 
total of code channels in the serving cell that are not involved in the joint detection; if it is 
selected not to perform joint detection, the "interference code channel k" is taken as the total 
of all code channels in the serving cell, including the present code channel of the present 

5 user When the fonner is taken, the joint detection method will be used in the subsequent 
steps, and the joint detection is perfomied on the weighted optimized matched filtering result 
with the channel estimation results of the spread spectrum codes and the joint detection 
result is obtained; when the latter is taken, only the weighted optimized matched filtering is 
perfomied with the channel estimation results of multiple users, the input signal, and the 

10 estimated power of interference to the multi-path signals, and the matched filtering result is 
obtained. 

[45] Next, the total power Ij of interference from the interference code channel to the 
signal code channel at each time delay position (or referred to as tap position, there are 
altogether W time delay positions) is estimated by utilizing the characteristic of 
15 orthogonal code (the interference of orthogonal codes at the same time delay position is 
zero): 

h=T.Pij-P'.< Formula (2) 

[46] The total power cr,^,„,,, of interference to the multi-path signals, i.e., the total 
power of interference from interference code channels to the signal code channel at 
20 each time delay position plus the sum of interference from adjacent cells and thermal 
noise interference, expressed in the following formula, is obtained through further 
estimation: 

<yla,j=PI, +^no Formula (3) 

[47] where, <t„^o 's the power of interference from adjacent cells and thermal noise; 
25 p is weighting factor for estimation of interference from interference code channels to 
the signal code channel at each time delay position in formula (2), which ranges from 0.5 
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to 2, taken as 1 in this embodiment. 

[48] Step 13: perfonning matched filtering on the multi-path signals and perfomiing 
maximum ratio combining with considering the power of interference to the multi-path 
signals, to obtain the optimized matched filtering output. That is to say. perform correlated 
5 matched filtering on each of the multi-path signals in the signal code channel by utilizing the 
channel response estimation results of the spread spectrum code of the user to be detected 
at each time delay position, and perfomn weighted summation according to the maximum 
ratio combining on the matched filtering result of the multi-path signals by utilizing the total 
power of interference to the signal code channel at each time delay position obtained in step 
10 12. so as to obtain the optimized matched filtering output. 

[49] Supposing the weighting factor for each code channel after matched filtering at 
each time delay position is w}*^ , which is inversely proportional to the total power cr,^,^; , 
of interference and expressed as follows: 

w}*^ oc — Formula (4) 

15 [50] the optimized matched filtering output thus obtained is: 

d^^;, = w , A^e + w 2 A7e + • • • + A*/e 

= ^w,A7e Formula (5) 

[51] where, w,. =diag{wl'\w';^\---,w^^^)(2>l , being a matrix of weighting factors, 
where <8> Is Kroneck product, I is a unit matrix; A is the system response matrix, 

B = ^w,A( , e is the received signal inputted. 

i=\ 

20 [52] In step 12. if the interference code channels involved in the estimation are all 
code channels in the serving cell (i.e., it is selected not to perform joint detection), this 
step is terminated and the optimized matched filtering result is outputted as the 
orthogonal code CDMA signal detection result, i.e., the matched filtering result d^y/.- 
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outputted at end 1 in the figure is the orthogonal code CDMA signal detection result; if 
the interference code channels involved in the estimation are the code channels in the 
serving cell which are not performed joint detection on (i.e.. it is selected to perform joint 
detection), proceed with step 14; 
5 [53] Step 14: performing joint detection on the optimized matched filtering output. 
That is to say, perform joint detection on the matched filtering result obtained in step 13 
by utilizing the spread spectrum code and the corresponding channel response thereof 
(channel estimation result). The joint detection may use a linear processing scheme or a 
nonlinear processing scheme. After the joint detection, the joint detection output result of 

10 the multi-code-channel signal obtained at end 2 in the figure is the orthogonal code 
CDMA signal detection result. 

[54] The joint detection may be implemented with decision feedback and interference 
cancellation method (one of the traditional joint detection methods) or Linear Block 
Equalization method. Wherein, the joint detection algorithm using the Linear Block 

15 Equalization is: 



[56] where. ZF-BLE is Zero Forcing-Block Linear Equalization approach, MMSE-BLE 
20 is Minimum Mean Squared Error-Block Linear Equalization approach, represents 
the power of all interferences, including those from the interference code channels in the 
serving cell. 

[57] In conclusion, in practical application, the method in the present invention can be 
implemented in either of the following two typical schemes. 
25 [58] One is to use joint detection scheme. This scheme requires implementing all of 
above steps (step 12, 13, and 14); however, in the estimation of power of interference to 



d = (T)-'B*'^e 



Formula (6) 
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the multi-path signals in step 12, the interference code channel k is taken as the total of 
the other orthogonal code channels that are not involved in the joint detection. 

[59] The other is not to use the joint detection scheme. This scheme requires 
implementing the above optimized matched filtering steps (step 12 and 13); however, in 
5 the estimation of power of interference to the multi-path signals in step 12, the 
interference code channel k is taken as the total of all orthogonal code channels 
(including the present code channel of the present user). 

[60] The method according to the present invention is especially suitable for terminal 
devices of an orthogonal code Code Division Multiple Access system, and, of course, 
10 also applicable to base station devices. 
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